1. Introduction
===============

Cardiovascular diseases (CVDs) are the main cause of mortality and disability worldwide ([@b1-epj-10-6624], [@b2-epj-10-6624]). IHD (ischemic heart disease) is a common CVD and one of the main causes of mortality in the world that, with a growing increase rate, has become a major health problem. According to the reports of the WHO, this disease accounts for 1.7 million deaths per year, which is estimated to reach 11.1 million by 2020 ([@b3-epj-10-6624]). Besides being a common cause of mortality in developed countries, IHD, next to accidents, is the major cause of deaths in Iran ([@b4-epj-10-6624]). There are various treatments for heart diseases, one of the most common and valuable of which is CABG (coronary arteries bypass grafting), in addition to medical treatments ([@b5-epj-10-6624]). CABG is one of the most recent proposed treatments for patients with coronary arteries constriction ([@b6-epj-10-6624]), which can play a fundamental role in reducing the mortality rate and complications caused by the disease, if performed at the appropriate time ([@b4-epj-10-6624]). CABG may be performed as an open or closed heart surgery (using cardiopulmonary bypass \[CPB\] pump or without it) ([@b7-epj-10-6624]). Regardless of the increasing numbers of "off-pump" CABG and interventional therapy, CPB technique is still an essential assisting method for open heart surgery ([@b8-epj-10-6624]). Similar to other invasive treatments and surgeries, CAGB may also cause some side effects. Due to its difficult nature or probable heart stoppage and establishment of extracorporeal blood circulation, despite being effective and efficient, CAGB would lead to certain side effects potentially during the operation and after it ([@b7-epj-10-6624]). In this type of surgery, the heart blood flow is blocked and its flow is controlled by CPB machine at a rate of 2--4 L/min at mild hypothermia (34 °C) for coronary artery bypass grafting (CABG)) and hematocrit at 18% to 25%. Myocardial protection was achieved by the administration of cold, multidose blood cardioplegia infused through the aortic root and the coronary sinus ([@b9-epj-10-6624]--[@b11-epj-10-6624]). Several studies have shown that "off-pump" (CABG) might be associated with better early clinical outcomes compared with use of CPB, including reduction in the occurrence of pulmonary complications, reoperations for bleeding, transfusion requirements and atrial fibrillation ([@b9-epj-10-6624]). It is in fact, well known that surgical stress in use of CPB can cause various side effects including systemic inflammatory response, nervous side effects, cardiac ischemia, renal failure, hemodynamic instability, and lung dysfunction ([@b9-epj-10-6624], [@b12-epj-10-6624], [@b13-epj-10-6624]). Several associated factors including hypothermia, hemodilution, electrolyte imbalance, and pharmacological agents used during surgery with CPB, cause these complications ([@b14-epj-10-6624]). In CABG with CPB, hemodilution causes more stress which leads to increased levels of plasma cortisol within 24 hours after the surgery ([@b15-epj-10-6624]). Open-heart surgery with the use of cardiopulmonary bypass (CPB) is associated with significant inflammation compared to off-pump CABG ([@b14-epj-10-6624], [@b15-epj-10-6624]). CPB provokes systemic and non-systemic inflammatory responses, which increases inflammatory cytokines, endotoxin and metabolic products ([@b12-epj-10-6624], [@b14-epj-10-6624]--[@b16-epj-10-6624]). These changes can cause postoperative adverse effects and complications, such as delirium, cognitive dysfunction, impaired immune system and increased oxygen consumption, catabolism, ischemic reperfusion injury, oxidative stress, and neurohormonal activation and length of hospital stay ([@b12-epj-10-6624], [@b15-epj-10-6624]). However, myocardial ischemic, cardioplegic arrest and reperfusion has been implicated as a major trigger of tissue damage and inflammatory response ([@b14-epj-10-6624]). One of the most common complications after CABG, is Atrial Fibrillation (AF) ([@b17-epj-10-6624]--[@b19-epj-10-6624]). The incidence of postoperative AF varies from 10--50% ([@b17-epj-10-6624], [@b18-epj-10-6624], [@b20-epj-10-6624], [@b21-epj-10-6624]). It usually tends to occur within 2 to 4 days after the operation ([@b17-epj-10-6624], [@b20-epj-10-6624]). Numerous studies, mainly retrospective, have been conducted to clarify the pathogenesis of postoperative AF as well as to identify predisposing factors. However, the exact etiologic pattern still remains unclear ([@b22-epj-10-6624]). The proposed contributory factors include inflammation triggered by cardiopulmonary bypass, beta-blocker withdrawal, hyperthyroidism, caffeine, right coronary artery stenosis, atrial ischemia, inadequate intraoperative cardiac protection, perioperative ischemic injury, postoperative pericarditis, autonomic imbalance, and fluid/electrolyte disturbances during the intra-and post operative periods ([@b22-epj-10-6624], [@b23-epj-10-6624]). It is assumed that one of the reasons of POAF may be the post-operative local and systemic inflammations ([@b24-epj-10-6624]). Although POAF is typically self-limiting ([@b17-epj-10-6624], [@b25-epj-10-6624], [@b26-epj-10-6624]), its adverse complications including hemodynamic disorders, cardiac failure, thromboembolism, increased postoperative stroke, nervous and renal complications, the use of inotropes, and increases in duration of hospitalization are important ([@b16-epj-10-6624], [@b22-epj-10-6624], [@b26-epj-10-6624]--[@b28-epj-10-6624]). Such complications are a potential for prolongation of hospitalization in hospitals and special units as well as increased costs ([@b20-epj-10-6624], [@b22-epj-10-6624], [@b24-epj-10-6624], [@b29-epj-10-6624]). Prescribing anti-arrhythmic drugs, preventing the disease, and recognizing its effective factors can help in reducing treatment costs, duration of hospitalization, as well as other complications of POAF ([@b24-epj-10-6624]). Thus, it is probable that the CPB (cardiopulmonary bypass) response might help creation of postoperative AF. As it was stated, there are conflicting evidences on the effect of bypass time on AF; therefore, this subject can be investigated by conducting a specific study in this regard. Based on the above-mentioned reasons, finding an efficient method to prevent this disease can effectively help in reducing the duration of hospitalization, treatment costs, as well as incidence rate of this disease. Accordingly, the present study was aimed to determine the relationship between incidence of AF and duration of CPB pump in patients after open heart surgery.

2. Material and Methods
=======================

The present retrospective cohort study was conducted in Farshchian Heart Center, Hamedan University of Medical Sciences. Research population included all the patients undergoing open heart surgery between April 2015 and March 2015. Data collection was performed through census; furthermore, the research was conducted on all the patients who had the following inclusion and exclusion criteria. The inclusion criteria included patients who underwent open heart surgery, availability of medical records, and completeness of the required information; The exclusion criteria included simultaneous mitral valve surgery, history of heart surgery, preoperative supraventricular dysrhythmia, consumption of anti-arrhythmic drugs (except for beta-blockers) during, before, and after surgery, having serious lung problems (patients who received lung counseling by request of the physician and were high-risk in terms of lung diseases), chronic renal failure, history of ventricular aneurysm surgery, thyroid dysfunction, age of above 80 years old, and history of OFF-Pump surgery. Finally, after examining all the cases, 330 cases were selected and 69 were excluded due to having the exclusion criteria (Diagram-1). Data collection tools included demographic information and clinical information. Demographic information included age, gender, weight, height, and body mass index (BMI); furthermore, clinical information included NA, K, creatinine, incidence of atrial fibrillation (AF) and other arrhythmias, cardiac infarction, systemic diseases, duration of cardiopulmonary bypass (CPB), duration of cross clamp and intubation length of hospital stay. According to the questionnaires, a specific code was allocated to each patient. It must be noted that all the required information was collected from cases of the hospitalized patients; additionally, all the ethical considerations were applied throughout the study. Regarding the retrospectiveness of the study, it was impossible to obtain the patients' informed consent. Information of the patients' cases was considered confidential and merely used for the research objectives. At the end, the collected data was analyzed using independent-samples t-test, Mann-Whitney, and chi-squared tests; furthermore, analysis of the obtained data was performed using SPSS version 16 (SPSS Inc., Chicago, Illinois, USA) at error level of p\<0.05.

3. Results
==========

Based on the results related to the demographic information, the mean age of the studied patients was 61.76±9.2; moreover, the majority of the patients (70.1%) were male. Also, 72% of them had three involved arteries. Incidence of AF was observed in 32.6% of the patients in ICU.

Moreover, data analysis showed that the mean age of the patients in the AF incidence group was higher than that of the patients without incidence of AF (p=0.008); furthermore, BMI of the patients in the AF incidence group was significantly lower than that in the other group (p\<0.001). However, variable of gender had no effect on incidence of AF (p\>0.05). Comparing the clinical results indicated that the mean value of creatinine in patients of the AF incidence group was significantly higher than that of the patients without AF (p=0.0001); on the other hand, the mean duration of hospitalization (in days) for patients with AF was significantly higher than that of the patients without AF (p=0.013). But variables such as ejection fraction, Na, K, duration of cross clamp (min), duration of cardiac bypass pump (min) and duration of intubation (h) had no effect on incidence of AF (p\>0.05) ([Table 1](#t1-epj-10-6624){ref-type="table"}). Results obtained from the patients' information showed that the PAC (p\<0.001) and PVC (p=0.010) arrhythmias were significantly related with incidence of AF; however, supraventricular tachycardia had no effect on incidence of AF (p=0.548) ([Table 2](#t2-epj-10-6624){ref-type="table"}).

4. Discussion
=============

Postoperative atrial fibrillation (POAF) is common after cardiac surgery ([@b30-epj-10-6624]). The incidence of POAF varies from 10--50%, and in our study, incidence of AF was observed in 32.6% of the patients in ICU. Although it is not a life-threatening rhythm disturbance and may present as self-limiting onset, it has major medical and economical implications ([@b22-epj-10-6624]). The pathogenesis of AF after cardiac surgery is believed to be multifactorial, including clinical variables and technical intraoperative factors ([@b30-epj-10-6624], [@b31-epj-10-6624]). The present study was aimed to determine the relationship between incidence of AF and duration of CPB pump in patients after coronary artery bypass graft surgery. According to studies, increasing CPB time can increase the complications. Confirming this issue, Cho (2017) with multivariate analysis, showed that longer CPB time (\>60 min, odds ratio: 7.47) was a risk factor for lower radial pressure ([@b32-epj-10-6624]) and in the study of Radmehr (2010), in the group that had increase in preoperative creatinine, the CPB time was longer ([@b33-epj-10-6624]). The present study was a propos of the first objective of the research, which was "to determine the relationship between duration of the CPB pump (min) and incidence of AF after open heart surgery", the obtained results indicated no significant relationship between duration of the CPB pump and incidence of AF. This finding is consistent with the study of Thoren, which did not have a significant relationship CPB time with incidence of AF after heart surgery ([@b34-epj-10-6624]). Whereas, this result was not consistent with results of Helgadottir, or Mariscalco ([@b25-epj-10-6624], [@b35-epj-10-6624]); since, in these two studies, duration of CPB pump had significant relationship with incidence of AF after heart surgery. Difference in significance of the above-mentioned results might be due to the larger sample size in these studies or can be attributed to the fact that patients with various cardiac surgeries have been included in these evaluations. A propos of the second objective of the research, which was "to determine the relationship between incidence of AF and demographic characteristics", the statistical tests indicated significant relationship for variables of age and BMI; moreover, similar results were obtained by Prakasa Rao by investigating the effect of preoperative metoprolol on early initiation of AF, and Pilatis (2013), by predicting the AF in patients undergoing coronary arteries bypass surgery ([@b18-epj-10-6624], [@b22-epj-10-6624]). Furthermore, in a study by Van Oosten (2014), the variable of BMI was significant ([@b36-epj-10-6624]), but results of the statistical tests indicated no significant relationship between gender and incidence of AF (p\>0.05), which was consistent with results of Gol Mohammadi ([@b17-epj-10-6624]). As for the other objective of the research, which was "to determine the relationship between AF incidence and duration of hospitalization (in days) in ICU after open heart surgery", the obtained results indicated a significant relationship. Accordingly, the studies conducted by Prakasa Rao (2016), Helgadottir (2012), Mariscalco (2014), and Sarzaeim (2014) showed that the number of days of hospitalization in ICU after open heart surgery has been significantly increased after incidence of AF ([@b18-epj-10-6624], [@b25-epj-10-6624], [@b29-epj-10-6624], [@b35-epj-10-6624]). The increase in hospitalization days after the incidence of AF is due to complications of AF and hemodynamic instability, which leads to the continuation of treatment and hospitalization. In our study, the statistical tests indicated significant relationship between PVC-PAC and incidence of AF after open heart surgery (p\<0.05); moreover, the study conducted by Sarzaeim to investigate the effect of vitamin C on prevention of AF, confirms the findings of the present study ([@b29-epj-10-6624]). Because the causes of AF incidence such as electrolyte disturbances and mechanical manipulation during surgery can cause other arrhythmias, in our research, the relation between clinical results and incidence of POAF (creatinine, sodium, potassium) indicated that only creatinine had a significant relationship, which was consistent with results of Melduni et al. who reported significant relationship between creatinine and incidence of AF. Moreover, in a study conducted to investigate the relationship between the increased mean serum creatinine level before and after surgery, Radmehr expressed that the increase in the mean level of serum creatinine before the operation, affected the increase in premature death and postoperative complications ([@b29-epj-10-6624]). In the present research, the results obtained for ejection fraction and duration of cross clamp and intubation indicated no statistically significant relationship, which was consistent with results of Thoren, Van Oosten, and Guenancia ([@b21-epj-10-6624], [@b34-epj-10-6624], [@b36-epj-10-6624]). Furthermore, Ozcan's study showed no significant relationship between ejection fraction and postoperative AF ([@b37-epj-10-6624]). Lastly, it is necessary to mention regarding the retrospective of the study that all the factors are not under the control of the researcher, and there was no oversight on the completion of the records to record the required research data. The incompleteness of the data (Missing Data) recorded is one of the constraints. Also, some patients' records were out of the center for various reasons and were not available at the time of the implementation of the study. Undoubtedly, one of the most important limitations of retrospective studies is the lack of control of subversion.

5. Conclusions
==============

Regarding the volume of the available information, the obtained results indicated no significant relationship between duration of CPB pump and incidence of AF; however, by investigating and controlling other factors affecting incidence of AF, it would be possible to intervene in recognizing, preventing, and treating this type of common arrhythmia. Evidently, further studies in this field would lead to positive results in this regard.
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###### 

Demographic and clinical characteristics of patients

  Variables                                                               AF incidence   n             Mean ± SD     Independent-samples t-test p-value
  ----------------------------------------------------------------------- -------------- ------------- ------------- ------------------------------------
  Age (year)                                                              Yes            86            63.95±9.9     0.008
  No                                                                      176            60.70±8.7                   
  BMI kg/m^2^                                                             Yes            83            23.33±3       0.001
  No                                                                      171            25.70±4.9                   
  Male[\*](#tfn1-epj-10-6624){ref-type="table-fn"}                        Yes            66            \-            0.065
  No                                                                      117            \-                          
  Sodium                                                                  Yes            85            5.1±140.89    0.595
  No                                                                      176            140.60±3.6                  
  Potassium                                                               Yes            85            4.1±0.56      0.791
  No                                                                      176            4±0.46                      
  Creatinine                                                              Yes            85            1.2±0.36      0.0001
  No                                                                      176            1.03±0.22                   
  Ejection fraction                                                       Yes            85            44.8±8        0.257
  No                                                                      167            45.9±6.4                    
  Duration of cardiac bypass pump (minute)                                Yes            84            56.73±19.13   0.746
  No                                                                      170            55.90±19.27                 
  Duration of cross clamp (minute)                                        Yes            84            34.11±12.5    0.502
  No                                                                      170            32.95±13.20                 
  Duration of intubation (hour)                                           Yes            84            9.30±2.76     0.261
  No                                                                      170            9.63±1.87                   
  Length of hospital stay[\*\*](#tfn2-epj-10-6624){ref-type="table-fn"}   Yes            74            6.12±1.57     0.013
  No                                                                      170            5.67±1.12                   

Chi-square test was used in this variable;

Mann-Whitney test was used in this variable

###### 

Incidence of dysrhythmia in patient

  Variables                                 AF incidence   p-value (Chi-square)        
  ----------------------------------------- -------------- ---------------------- ---- -------
  Premature atrial contraction (PAC)        Yes            19                     11   0.001
  No                                        66             165                         
  Premature ventricular contraction (PVC)   Yes            35                     45   0.010
  No                                        50             131                         
  Supraventricular tachycardia (PSVT)       Yes            23                     54   0.548
  No                                        62             122                         
